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A computationally-efficient six degree-of-freedom 
(6DoF) model of a guided circular parachute was de-
veloped for long-term research on controlled circular 
parachute performance. The paper addresses the im-
plementation of this model in a modern scientific soft-
ware environment such as MathWorks’s Mat-
Lab/Simulink ®. One of the most important features of 
this software is a possibility of the hybrid system simu-
lations or hardware-in-the-loop (HITL) simulations. 
The paper describes the embedded interactive features 
that provide capability for “man-in-the-loop” simula-
tion and allow changing simulation parameters while 
the model is running. The paper ends with conclusions.1 
I. Introduction 
The parachute’s simplicity makes its aerodynamics very 
difficult to model. This not only because parachute de-
flects surrounding air, but also because it adopts its 
shape. Moreover, any control input changes the original 
canopy’s shape essentially complicating its aerodynam-
ics. The lack of streamlining during control activation 
makes turbulent rather than laminar flow dominate in 
the parachute’s aerodynamics. 
To explore such object as a controlled circular para-
chute its 6DoF model was developed1-2 and imple-
mented within the most flexible and powerful scientific 
environment as MathWork’s Simulink. 
A traditional model-based design paradigm3 was 
used. Once the Simulink model has been create the C 
code for the HITL simulation was generated using 
Real-Time Workshop®. This capability reduces time to 
move from analytical design of any controller to the 
actual tests of the entire system. 
The paper briefly describes computationally-efficient 
implementation of the developed mathematical model 
of the controlled circular parachute. The capability of 
dynamically changing of any initial and flight condi-
tions , i.e. capability of interactive simulation is empha-
sized. The latter was done by utilizing Simulink’s li-
braries and powerful MatLab’s toolboxes such as Curve 
Fitting, Signal Processing, Optimization, and System 
Identification. The interactive capabilities of the model 
are also based on the visualization means of the Dials 
and Gauges library. 
The paper is organized as follows. Section II ad-
dresses the description of the ADS configuration. Then 
in Section III it explains the general structure of the 
Simulink model. Section IV discusses verification of 
the parachute model and also shows what kind of data 
can be obtained by implementing of the model. The 
paper ends with the conclusions. 
II. Basic configuration of a descending system 
In this section we briefly discuss a model for a guided 
circular parachute. 
The following aerial delivery system (ADS) architec-
ture was considered. All suspension lines were assem-
bled into eight link assembles. Each two assembles are 
attached to one of four risers. By the other end the risers 
are coupled to the payload at four dispersed points (see 
Fig.1). 
These risers, pneumatic muscle actuators (PMA), 
were developed by Vertigo, Inc.4, and allow to control 
the parachute by lengthening of one or two adjacent 
actuators. The lengthening of PMA’s “deforms” the 
parachute canopy creating an unsymmetrical shape 
(shifting the center of pressure) and providing a drive or 
slip condition in the opposite direction of the control 
action. With four independently controlled actuators, 
two of which can be activated simultaneously, eight 
distinct control actions can be generated. 
 
Fig.1 - Payload rigging 
The specific parameters and geometry of simulated 
descending system used were those of a G-12-type 
parachute5. Cubic delivery container was selected as a 
prototype of cargo box. 
Two Cartesian coordinate systems have been chosen 
to describe ADS motion. Linear position of the ADS is 
computed with respect to the local tangent plane. The 
origin of a body-fixed coordinate system is attached to 
the center of the open-end plane of the hemispherical 
canopy (the canopy centroid). 
Using Lagrange approach, the basic equations of mo-
tion for parachute-fluid system in the body frame can 
be obtained in the form that is very similar to that used 
to model a usual rigid body motion. Further details re-
garding derivation of the equations of motion, kine-
matic equations, ADS’s aerodynamics, and control sys-
tem utilized in the model can be found in Ref.2. 
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III. Model implementation Tab.1-Performance of the code 
 Run time (sec) General application 
SimD 260 MatLab/Simulink modeling 
SimC 340 MatLab/Simulink modeling 
RSIM 3 MatLab/Simulink modeling 
GRT 305 HITL 
III.1 Simulink implementation 
The model is built up using the standard Simulink’s 
library blocks. Its general structure is presented on 
Fig.2. The major superblocks of the model (hereinafter 
the names of the model’s blocks are shown in figure 
brackets) are as follows: 
• {Aerodynamic forces and moments}; 
• {6DoF equations of motion}; 
III.2 Initialization and interactive simulation • {Inertial Measurement Unit sensors}; 
The model is quite sensitive to the choice of initial con-
ditions. It is also necessary to keep in mind the assump-
tion of a fully deployed canopy. 
• {Controller}. 
Model has also a few blocks that perform auxiliary 
functions such as sampling of the output data with pre-
determined frequency and analysis of the stop condi-
tions. Blocks that allow changing simulation parameters 
interactively are also presented. 
The model provides an ability to determine the iner-
tial coordinates, linear and angular velocity components 
and spatial orientation. The model is initialized by load-
ing all these and other system parameters from a file. The logic of the model is based on traditional princi-
ple of analytical mechanics. When appropriate initial 
conditions {IC} are given then the forces and moments 
{Forces&Moment} that arise from parachute’s motion 
become definite. Applying equations of motion {6DoF 
equations} resolved with respect to the linear and angu-
lar accelerations and utilizing one of available integra-
tion algorithm, an open-loop system that completely 
describes ADS’s uncontrolled motion can be obtained. 
By adding the model of actuators and control logic 
{Controller} a controlled close-loop system becomes 
available. Information used by the {Controller} is rep-
resented by the estimates of ADS’s spatial position with 
respect to required conditions provided by superblock 
{IMU sensors}. 
As mentioned above the system provides simulation 
in the interactive mode. While the model is running one 
can change any of the following options: 
1. Choice of the wind profile: 
a. Predetermined wind profile; 
b. Ideal conditions with no wind; 
2. Choice of the control strategy: 
a. Target seek algorithm; 
b. Reference trajectory seek algorithm (see 
Ref.4); 
3. Choice of the control mode: 
a. Manual control; 
b. Automatic real-time control; 
c. Preprogrammed control; 
4. Choice of the control algorithm: Assuming the further use of the model in a large-scale 
simulations and in the rapid prototyping of control algo-
rithms, some predetermined limitations from the Real-
Time Workshop environment6 were applied. While 
achieving the desired result, the downloadable and 
computationally-efficient C code is generated. 
a. No prediction terms; 
b. Relative position prediction; 
c. Heading rotation prediction. 
All options are developed by using the {Manual 
Switch} block from the Simulink’s library and are 
shown at Fig.2. The following example illustrates the code efficiency. 
Consider three principal configurations to simulate the 
ADS flight: 
By applying the Dials and Gauges Blockset the inter-
active displays were created to visualize the model 
behavior. One of such displays is shown at Fig.3. 
Pushing the button corresponding to a specific 
pneumatic actuator the manual simulation mode can be 
initialized. Central arrow at this display shows the 
direction to the current guidance point. 
 pure Simulink environment for two cases - dis-
crete model (SimD) and continuous model 
(SimC); 
 Rapid simulation target (RSIM); 
 Generic Real-Time (GRT) code for the xPC 
simulations. 
IV. Model validation Pentium 200MHz was used as remote target com-
puter. Desktop simulations utilized Pentium III-1GHz 
system. Tab.1 explicitly illustrates the achieved results 
for simulation of the same 305-second real flight. 
Developed model was verified by comparison with a 
real flight test data (see Ref.2). It was also compared 
with the simplified model used in the earliest stages of 
the development (Ref.7). The comparison of considered variants leads to the 
obvious conclusion that for the large scale batch model-
ing or Monte-Carlo simulations the use of the RSIM 
target code is more efficient (requires only about 1% of 
the simulation time). Utilizing the GRT code provides 
an excellent result for the HITL-type (real-time) 
simulations. 
Fig.4 contains the 3D plots of trajectories obtained in 
one of the real flight and corresponding 6DoF simula-
tions. Clearly results obtained in simulations approxi-
mate flight test data fairly well. 
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Fig.2 - General structure of the developed Simulink model 
  
Fig.3 - Example of interactive display Fig.4 – Model vs. real data comparison 
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The paper presented results of the implementation of a 
6DoF model of the controlled circular parachute in the 
MathWork’s Simulink environment. The model has a 
friendly user interface and based on detailed modeling 
of the ADS geometry. It utilizes the actuators perform-
ance data provided by the manufacturer. The developed 
model considers all limitations applied by the Real-
Time Workshop and allows to obtain highly efficient 
and flexible model that is suitable for both HITL rapid 
prototyping and large-scale batch simulations. 
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